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Abstract 

The ATLAS experiment has observed 1 995 Z boson candidates in data corresponding to 0.1 5 nb~^ 
of integrated luminosity obtained in the 201 1 LHC Pb+Pb run at ^/sjviv=2.76 TeV. The Z bosons are 
reconstructed via di-electron and di-muon decay channels, with a background contamination of less 
than 3%. Results from the two channels are consistent and are combined. Within the statistical and 
systematic uncertainties, the per-event Z boson yield is proportional to the number of binary collisions 
estimated by the Glauber model. The elliptic anisotropy of the azimuthal distribution of the Z boson 
with respect to the event plane is found to be consistent with zero. 
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The ATLAS experiment has observed 1995 Z boson candidates in data corresponding to 0.15 nb~^ 
of integrated luminosity obtained in the 2011 LHC Pb+Pb run at -^sjv]v=2.76 TeV. The Z bosons 
are reconstructed via di-electron and di-muon decay channels, with a background contamination of 
less than 3%. Results from the two channels are consistent and are combined. Within the statistical 
and systematic uncertainties, the per-event Z boson yield is proportional to the number of binary 
collisions estimated by the Glauber model. The elliptic anisotropy of the azimuthal distribution of 
the Z boson with respect to the event plane is found to be consistent with zero. 
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Extensive studies of heavy ion (HI) collisions carried 
out by the experiments at the Relativistic Heavy Ion Col- 
lider (RHIC) at BNL, and the Large Hadron Collider 
(LHC) at CERN, have established that the hot and dense 
matter produced in HI collisions causes a significant en- 
ergy loss on the energetic color-charge carriers propagat- 
ing through such a medium [TJ [2]. An understanding 
of this phenomenon requires measuring the unmodified 
production rates of the particles before they lose energy. 
The best candidates to perform such measurements are 
particles that do not interact via the strong force. The 
PHENIX experiment at RHIC measured the properties of 
photons [5]. At the LHC, the CMS experiment reported 
results on photons and W bosons [U [S]. The number 
of these bosons was found to scale with the number of 
incoherent nucelon-nucleon collisions. Both the ATLAS 
and CMS collaborations have reported measurements of 
Z — )■ /i^ production at y'sjv]v= 2. 76 TeV [3, which 
show, within a limited statistical precision, the same 
scaling behavior. This Letter presents a precise mea- 
surement of Z boson production in Pb+Pb collisions at 
\/s]vjv=2.76 TeV, using the di-electron and di-muon de- 
cay channels. The Z boson production rate is measured 
as a function of centrality, rapidity (y^), transverse mo- 
mentum (pf ), and orientation with respect to the event 
plane . 

The ATLAS detector [S] at the LHC covers nearly 
the entire solid angle around the collision point. It con- 
sists of an inner tracking detector surrounded by a thin 
superconducting solenoid, electromagnetic and hadronic 
calorimeters, and a muon spectrometer incorporating 
three superconducting toroid magnet systems. 

The inner-detector system (ID) is immersed in a 2 T 
axial magnetic field and provides charged particle track- 
ing in the range \r\\ < 2.5. The high-granularity silicon 
pixel detector covers the vertex region and is surrounded 
by the silicon microstrip tracker and the transition radi- 
ation tracker. 

The calorimeters cover the range I77I < 4.9. Within the 
region |ry| < 3.2, electromagnetic calorimetry is provided 
by barrel and end-cap high-granularity lead liquid-argon 
(LAr) calorimeters, with an additional thin LAr presam- 



pler covering \r]\ < 1.8. The electromagnetic calorimeter 
is backed by a hadronic calorimter. Forward calorimeters 
(FCal) are located in the range 3.1 < I77I < 4.9. 

The muon spectrometer (MS) comprises separate trig- 
ger and high-precision tracking chambers that measure 
the deflection of muons in a magnetic field generated by 
superconducting air-core toroids. The precision cham- 
bers cover the region |?7| < 2.7 with three layers of moni- 
tored drift tubes (MDT) , complemented by cathode strip 
chambers (CSC) in the innermost layer of the forward re- 
gion. The muon trigger system covers the range jryj < 2.4 
with resistive plate chambers in the barrel, and thin gap 
chambers in the end-cap regions. 

This analysis uses the 2011 LHC Pb+Pb collision 
data at -y/i]v7V = 2.76 TeV, obtained by the ATLAS ex- 
periment with integrated luminosity of approximately 
0.15 nb^^. The data sample for this study was collected 
using a three- level trigger system |Tn|, which selected 
events with electron or muon candidates. 

Electron candidates were identified at the first trig- 
ger level (LI) as a cluster of cells in the electromagnetic 
calorimeter, formed into (A0 x A77) = 0.1 x 0.1 trigger 
towers, within the range \r]\ < 2.5, excluding the tran- 
sition region between calorimeter sections (1.37 < \ri\ < 
1.52). The cluster transverse energy was required to ex- 
ceed Et = 14 GeV. 

Muon candidates were selected using all three trigger 
levels. The LI muon trigger searched for patterns of hits 
in the trigger chambers consistent with muons. If a muon 
had pt exceeding 4 GeV, the event was accepted for fur- 
ther processing by the high-level trigger (HLT). The LI 
muon algorithm also identified regions of interest (Rol) 
within the detector to be investigated by the HLT. In 
the HLT, the track parameters of each muon were recal- 
culated by including the precision data from the MDT 
or CSC in the Rol defined by the previous trigger level. 
Muon candidates were reconstructed either solely from 
the MS or using combined data from the MS and ID. In 
addition to the events selected using the Rol-based muon 
trigger, the reconstruction was performed over the whole 
MS by the HLT to identify muons with pT > 10 GeV. The 
full scan searched all events in which a neutral particle 
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signal was detected in each of two Zero Degree Calorime- 
ters (ZDC) (I77I > 8.3), or which contained an energy 
deposition in the calorimeters of Et > 10 GeV. 

In addition to the single-lepton trigger, each event had 
to pass the minimum-bias (MB) event selection, which 
required a timing signal coincidence of better than 3 ns 
between the MB trigger scintillators (2.1 < |?7| < 3.8), as 
well as the reconstruction of a collision vertex in the ID. 
The total number of sampled events is (1.03 ± 0.02) x 

10^ [H]. 

Analyzed events are divided into centrality classes. 
Centrality reflects the overlap volume of the two colliding 
nuclei. Collisions with a small (large) impact parameter 
are referred to as central (peripheral). The overlap vol- 
ume is closely related to the average number of partici- 
pant nucleons which scatter inelastically in each nuclear 
collision, (A'part), and to the average number of binary 
collisions between the nucleons of the colliding nuclei, 
(A^coii)- Equivalently, (A^coii) may be defined as the aver- 
age nuclear thickness function, (Taa)) multiplied by the 
total inelastic p + p cross section. 

The Pb-t-Pb collision centrality is measured using the 
scalar sum of transverse energy (^ Et^) deposited in the 
FCal, calibrated at the electromagnetic energy scale [T^ . 
The fraction of events with more than one Pb-|-Pb colli- 
sion is estimated not to exceed 0.05%, except for the most 
central 5% of events in which the fraction does not ex- 
ceed 0.5%. A cut on the FCal energy ofJ^^T < 3.8 TeV 
is applied to prevent contamination by events with mul- 
tiple Pb-|-Pb interactions. Glauber model calculations 
relate centrality to (A^part) and (A^cou), following the pro- 
cedure documented in Ref. [13]. In the present sample, 
(A^coii) ((A^part)) ranges from 1683 ± 130 (382 ±2) for the 
most central class, 0-5%, to 78 ± 7 (46 ± 3) for the most 
peripheral class, 40-80%. 

The efficiencies of the electron and muon triggers are 
evaluated from 5.5 x lO"^ events selected with the MB 
trigger during the 2011 run. The MB trigger required 
a transverse energy deposition of Et > 50 GeV in the 
calorimeters or a coincidence of both ZDC signals and a 
track in the ID. The average trigger efficiency for muons 
with pt > 10 GeV decreases from 98.2 ± 0.5% in pe- 
ripheral events to 90.9 ± 0.5% in central events, where 
the ID occupancy is higher. The average trigger effi- 
ciency for electrons with |?7| < 2.5 and Et > 20 GeV is 
98.1 ± 0.1%, independent of centrality. The trigger ef- 
ficiency for Z — > /i/i decays ranges from 99.0 ± 0.6% in 
peripheral events to 95.0 ± 0.9% in central events. For 
Z — >■ ee decays the efficiency is 99.9 ± 0.1% independent 
of centrality. 

For the Z — >■ ee analysis, electron candidates are 
formed using the standard ATLAS reconstruction algo- 
rithm |14) . requiring the matching of a track to an en- 
ergy cluster in the electromagnetic calorimeter. Electron 
selection is limited to |?7| < 2.5 and both electrons are 
required to have Et > 20 GeV. Following the reconstruc- 



tion requirements, further electron identification cuts are 
made to reject background. The standard electron iden- 
tification cuts [14' used in the p + p environment are not 
suited to the Pb+Pb environment due to the large un- 
derlying event (UE) energy deposition in the calorimeter. 
To address this, a different set of cuts has been devel- 
oped to accommodate the modification of the calorime- 
ter variables by the presence of the UE. The cuts used 
are based on the energy balance between the track mo- 
mentum and cluster energy (E/p), as well as calorimeter 
shower shape variables. Furthermore, the UE energy is 
estimated (following Ref. [15]) and subtracted on an 
electron-by-electron basis to recover the proper electron 
energy. 

The electron combined reconstruction and identifica- 
tion efficiency is evaluated in a Monte Carlo simulation 
using electrons from 7 x 10^ Pythia (version 6.425) [16] 
p -f- p — > Z — >■ ee events with 66 < mz < 116 GeV and 
\y^\ < 2.5 embedded into Pb-|-Pb events generated by 
the HiJiNG event generator (version 1.38b) [17 . The 
response of the ATLAS detector to the generated parti- 
cles is modeled using GEANT4 [HmSj. The combined 
reconstruction and identification efficiency for electrons 
of Et > 20 GeV ranges from 72% to 76% from central to 
peripheral events, with a common absolute uncertainty 
of 5.4%. 

For the Z — >■ ee analysis, all electrons found in trig- 
gered events are paired with each other, requiring that 
at least one electron in the pair match a trigger object. 
The opposite-sign charged pairs with an invariant mass 
satisfying 66 < niee < 102 GeV are accepted as signal Z 
boson candidates. The same-sign pairs in this window are 
taken as an estimate of the combinatorial background. In 
total, 772 opposite-sign pairs and 42 same-sign pairs are 
reconstructed. 

In the Z — >■ fifj, analysis, single muons are recon- 
structed with several levels of quality [20 . High quality 
muons are reconstructed in both the MS and ID with 
consistent angular measurements, as well as with a good 
match to the event vertex. At least one muon in each 
pair, matched to the trigger, is required to be of such 
quality. If the second muon in the pair has hit patterns 
in the MS and ID satisfying criteria of high reconstruc- 
tion quality, the minimum pT threshold is set to 10 GeV 
for both muons. If the second muon fails this condition, 
both muons are required to satisfy pt > 20 GeV. 

The muon combined reconstruction and identification 
efficiency is evaluated using muons from 5.3 x 10^ Pythia 
p + p ^ Z ^ fifi events with 66 < mz < 116 GeV and 
\y^\ < 2.5 embedded into Hijing events. For muons 
with Pt > 20 GeV, \ri\ < 2.5 and associated to the event 
vertex, the reconstruction efficiency of the MS varies from 
97 ± 1% to 98 ± 1% from central to peripheral events. 
Requiring a match between the MS and ID reduces the 
efficiency to 89 ± 1% and 91 ± 1%, respectively, due to 
track loss in the ID, predominantly at \r]\ > 1.5. 
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As in the Z — >■ ee analysis, an invariant mass window of 
66 < m^^ < 102 GeV is used to define oppositely charged 
muon pairs as Z boson candidates and same-sign charged 
pairs as a background estimate. In total, 1223 opposite- 
sign candidates and 14 same-sign pairs are reconstructed 
in the Z — )> /i/i channel. 

The invariant mass distributions of the selected pairs 
together with estimated combinatorial backgrounds are 
shown in Fig. [TJ compared with the simulation normal- 
ized to the number of pairs in the region 66 < mu < 
102 GeV {£ = e,/i). In order to calculate the yield, the 
combinatorial background estimated with the same-sign 
pairs must be subtracted. Backgrounds from electroweak 
processes and top pair decays HI] are small compared to 
the combinatorial backgrounds, and their contribution is 
accounted for in the systematic uncertainty related to the 
background. 
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FIG. 1: The invariant mass distributions of Z — >■ ee (left) 
and Z — > fj.^ (right) candidates, integrated over momentum, 
rapidity, and centrality. Bars represent the statistical un- 
certainty. The number of pairs with 66 < mu < 102 GeV 
(marked by the vertical dashed lines) is listed. The simula- 
tion is weighted to match the centrality distribution in data 
and normalized in the region 66 < mu < 102 GeV. 



The main sources of systematic uncertainty in both 
measurement channels are associated with the precision 
to which the corrections applied to the data can be calcu- 
lated. In the p-\-p environment, the muon reconstruction 
efficiencies in data and simulation agree to 1% (2% for 
Pt < 15 GeV) [22 . The MS maintains low occupancy in 
the Pb+Pb environment. The difference in the fraction 
of muons reconstructed only in the MS, between data and 
simulation is used to estimate the systematic uncertainty 
on the reconstruction efficiency. To evaluate the uncer- 
tainty on the efficiency of the electron identification cuts, 
the efficiency is computed from the HI data using a tag- 
and-probe technique |14| and compared to the efficiency 
computed from simulation. The systematic uncertainty 
due to momentum resolution is estimated by introducing 
additional momentum smearing to the simulation. The 



efficiency (resolution) uncertainties are « 5.5% (2.5%) 
for Z — > fifi, and 8% (2.5%) in Z ee; these estimates 
vary with p^ and . 

The trigger efficiency uncertainties are estimated by 
using alternative methods and comparing their results 
with those obtained from the MB data set. For this com- 
parison the simulation trigger efficiency is used, as well 
as the conditional trigger efficiency of a second lepton in 
a triggered pair reconstructed as a Z boson. 

For each Z ^ II analysis, correction factors to ac- 
count for the efficiency (relative to Z bosons produced 
with 66 < Tfiz < 116 GeV) and detector resolution within 
the selected acceptance based on the simulation are cal- 
culated differentially in event centrality, p^, and . In 
each decay channel, the correction factor is applied and 
the background, estimated by the same-sign pairs, is 
subtracted. The two measurements are averaged with 
weights set by their respective uncertainties. 

The fully corrected y^ distribution is shown in Fig. [2] 
No centrality dependence of this shape is observed. The 
data are compared to a model composed of Pythia 
events normalized to the Z ^ U cross section in p -I- p 
collisions at y/s^NN = 2.76 TeV taken from next-to- next- 
to-leading-order (NNLO) calculations used in Ref. ^5] 
and scaled by (Taa)- Incorporating p -|- n and n + n colli- 
sions would increase the cross section by 3%. The shape 
is well reproduced by Pythia, and the integrated yield 
is in good agreement with the (TAA)-scaled NNLO cross 
section. 
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FIG. 2: The corrected per-event rapidity distribution of mea- 
sured Z bosons. Bars and boxes represent statistical and sys- 
tematic uncertainties, respectively. The data are compared 
to the model distribution shown as a band whose width is the 
normalization uncertainty. 



The fully corrected distributions in five centrality 
classes are shown in the left panel of Fig.[3]along with the 
model prediction. The shape as a function of p^ is well 
reproduced by Pythia. The right panel of Fig. |3] shows 
the ratios of the data to the Pythia prediction scaled by 
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(Taa)- The ratios are constant within uncertainties for 
all central! ty classes over the range of measured p^. 
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FIG. 3: Left: corrected per-event spectra of measured Z 
bosons in five centrality classes. The data are compared to 
a Pythia simulation normalized to the NNLO p + p cross 
section and scaled by (Taa), shown as bands. Right: ra- 
tios of the data to the model in each centrality class. Bars 
represent statistical uncertainties, boxes represent systematic 
uncertainties, and bands represent the normalization uncer- 
tainty. 



To further examine the binary collision scaling of the 
data, the Z boson per-event yields, divided by (A^'coii), 
are shown in Fig. |4] as a function of (A^part), in several 
bins. The figure demonstrates that the Z — >■ ee and 
Z — > fi/j, results are consistent within their uncertainties 
for all p^ and centrality regions. Within the statistical 
significance of the data sample, the Z boson per-event 
yield obeys binary collision scaling. 

The elliptic anisotropy, V2 , of the Z boson is defined as 
V2 = (cos 2((/)— \E'2)) /(T2, where is the azimuthal angle of 
the Z boson momentum vector and 'I'2 is the azimuthal 
angle of the event plane, the plane containing the mo- 
mentum vectors of both lead nuclei and measured with 
resolution (T2 |24| . The V2 values measured in the two de- 
cay channels are consistent and are combined. The main 
uncertainty on the V2 measurement arises from the event 
plane (EP) resolution, which is measured from the differ- 
ence of ^"2 determined using the two sides of the FCal at 
positive and negative rapidities [24: [. To ensure that the 
jets associated with Z boson production do not affect the 
determination of ^'2, the EP resolution is also measured 
ordering the FCal sides in the difference according to the 
direction of the Z boson. A systematic uncertainty of 
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FIG. 4: Centrality dependence of Z boson yields divided by 
(A^coii). Results for ee (upward pointing triangles) and fifj, 
(downward pointing triangles) channels are shifted left and 
right, respectively, from their weighted average (diamonds). 
Bars and boxes represent statistical and systematic uncer- 
tainties, respectively. For the combined results, the brackets 
show the combined uncertainty including the uncertainty on 
(A^coii) , and the dashed lines show the results of fits, using a 
constant. 



12 mrad is assigned for possible EP distortion. 

The V2 of the Z boson is shown in Fig. [s] as a func- 
tion of \y^\, pf, and (A'^part)- The averaged V2 of 
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FIG. 5: «2 as a function of \y^\ (left), p^ (center), and {Np^rt) 
(right). Bars and boxes represent statistical and systematic 
uncertainties, respectively. The dashed lines show the results 
of constant fits to the 112 values, considering only statistical 
uncertainties. 



the Z boson has been measured to be V2 = —0.015 ± 
0.018(stat.)±0.014(sys.), which indicates an isotropic dis- 
tribution. This observation is an independent measure- 
ment consistent with Z ££ yields being unaffected by 
the medium in HI collisions. 

Using the ATLAS detector, Z boson production has 
been measured in Pb+Pb collisions at ^/s at at =2. 76 TeV 
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using 0.15 nb ^ of integrated luminosity collected in the 
2011 LHC physics run. Within \y^\ < 2.5, and 66 < 
mu < 102 GeV, a total of 772 and 1223 Z boson can- 
didates are reconstructed in the Z — > ee and Z — >■ fj,fi 
channels, respectively. The combinatorial background is 
at the level of 5% in the di-electron channel and 1% for 
the di-muon channel. The Z boson production yield in- 
tegrated over \y^\ < 2.5 is consistent between the two 
channels in all measured pt and centrality regions. The 
momentum and rapidity distributions of the Z bosons are 
consistent with Pythia simulations of Z boson produc- 
tion in p + p collisions scaled to the NNLO cross section 
and multiplied by (Taa)- Within the uncertainties the Z 
boson yield is found to be proportional to (iVcoii). The 
elliptic anisotropy of the Z boson measured as a function 
of rapidity, p^ and (A^part) is consistent with zero within 
the uncertainties of the measurements. 
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J. Albcrti69, S. Albrand^s^ M. Aleksa^o, I.N. Aleksandrov'*'*, F. Alcssandria^'^'^, C. Alexa26% G. Alexander^^s, 
G. Alexandre's, rj, Alexopoulosi", M. Alhroobi64a.i64c^ Alieyi^, G. Alimonti^s^, J. Alisoni^", 

B. M.M. AUbrookeis, P.P. AUport^^^ S.E. Allwood-Spiers-"^^, J. Almond^^^ A. Aloisioi02a,i02b^ ^ AIorI^^ 

A. Alonso^s, F. Alonso™, A. Altheimer^^ B. Alvarez Gonzalezes, M.G. Alviggii''2a,i02b^ Amako^s, C. Anielung^s, 

V.V. Ammosov^^*^^*, S.P. Amor Dos Santos^^'a^ a. Amorimi24a,6^ ^ Amram^^^, C. Anastopoulos^^, L.S. Ancu^'^, 

N. Andaril^^ T. Andeen^^ C.F. Anders^*^'', G. Anders^*^'', K.J. Anderson^i, A. Andreazza^^s^^ss'^ , V. Andrei^^^, 

M-L. Andrieux^^, X.S. Anduaga'^", P. Anger'', A. Angerami^^, F. Anghinolfi^" , A. Anisenkov^"'^, N. Anjos^^'*^, 

A. Annovi'^, A. Antonaki^, M. Antonelli'^, A. Antonov^^ J. Antosi"^, F. Anulli"2a^ m. Aokiioi, S. Aoun83, 

L. Aperio Bella^ R. Apolle"^,^^ q. Arabidzee^ I. Aracena^'^^ Y. Arai^s, A.T.H. Arce'^ S. Arfaouii'^^ 

J-F. Arguin^^, E. Arik^^^^-*, M. Arik^^a^ A.J. Armbruster*^'^, O. Arnaez^i, V. Arnal*^°, C. Arnault"^ 

A. Artamonov^s, G. Artonii32a,i32b^ Arutinov^i, S. Asail5^ S. Ask^^, B. Asman"6a,i46b^ l Asquith^, 

K. Assamagan^^, A. Astbury'^'*^, M. Atkinson^'^^, B. Aubcrf'', E. Auge"""", K. Augsten^^'', M. Aurousseau"^'', 

G. Avolioi63^ R. Avramidouio, D. Axen^^s^ Q. Azuelos'^^.d^ y. Azumai'"^'\ M.A. Baak^o, G. Baccaglioni**^'^, 

C. Baccii34a,i34b^ A.M. Bachi^ H. Bachaeoni^e. K. Baehas^", M. Backes'^ M. Baekhaus^i, J. Backus Mayes^'^^ 
E. Badescu2f«, P. Bagnaiai32a,i32b^ g Baliinipati^ Y. Bai^^'-^, D.C. Baileyi'^^, T. Bain^•■^^ J.T. Bainesi^s, 

O.K. Bakeri^^ M.D. Baker^^, S. Baker^^ P. Balek^^e^ E. Banas^^, P. Banerjee^^^ Sw. Banerjeei^^^ D. Banfi^o, 

A. Bangerti'™, V. Bansal^^s, H.S. Ba^sill^ L. Barak^^^^ g p Baranov^', A. Barbaro Galtierii^, T. Barber'^, 
E.L. Barberio^^ D. Barberis''^°''^5°'', M. Barbcro^^ D.Y. Bardin"', T. Barillari^^, M. Barisonzi^'^^ T. Barklow"^^ 
N. Barlow^s, B.M. Barnett^^s^ j^jyj Barnettl^ A. Baroncelli"''', G. Barone'^, A.J. Barr"^^ f. Barrciro^", 

J. Barreiro Guimaraes da Costa^*", P. Barrillon^^^, R. Bartoldus"^'^, A.E. Barton"^^, V. Bartsch^'^, A. Basye^^"'', 

R.L. Bates-", L. Batkovai"^, J.R. Batley^^, A. Battagliai^, M. Battistin^", F. Bauer^^e^ H.S. Bawa^'^.^^ s. Beale''^ 

T. Beau^^ P.H. Bcauchemini^i , R. Beccherle^o^, P. Bechtle^i, H.P. Beck", A.K. Becker^^^^ S. Becker^^ 

M. Beckinghaini38, K.H. Becksl^^ A.J. Beddall^^^ A. Beddalli^^ S. Bedikian^^e^ V.A. Bednyakov^', CP. Bee^^, 

L.J. Beemsteri°5, M. Begel^^, S. Behar Harpaz^^^^ p Behera'^^, M. Beimforde^^, C. Belanger-Champagne^^, 

P.J. Bell'^ W.H. Bell"', G. BcUai''^^ L. Bellagarnba^"^ M. Bellomo^o, A. Belloni'", O. Beloborodovai"^'/, 

K. Belotskiy96, Q. Beltramello^o , O. Benary'", D. Benchekrouni^Sa^ k. Bendtz"6a,i46b^ jv^ Benekosl'^^ 

Y. Benhammou^^^, E. Benhar Noccioli'^, J.A. Benitez Garcia^^^'', D.P. Benjamin'^, M. Benoit^^^, J.R. Bensinger^^, 

K. Benslania^-^", S. Bentvelsen^^"'' , D. Berge'^°, E. Bergeaas Kuutmann'^, N. Berger^, F. Bcrghaus^^^, 

E. Berglundi°5, J. Beringeri^, p. Bernat", R. Bernhard'^ C. Bernius^s, T. Berry''^ C. Bertella^^, A. Bertin^oa.aob^ 

F. Bertoluccii22a,i22b^ y^j Besana^^a.sgb^ q j Besjes^°', N. Besson^^e, S. Bethke9^ W. Bhimji'^, R.M. Bianchi^o, 
M. Bianco^2a,72b^ q. Biebel9^ S.P. Bieniek''^ K. Bierwagcn^', J. Biesiadai^, M. Bigliettii^'a^ H. Bilokon'^ 

M. Bindi20a'20b^ g. Binet"^ A. Bingul^^c, C. Binii32a,i32b^ q Biscarati™, B. Bittner^^ K.M. Black22, R.E. Blair^, 

J.-B. Blanchardl3^ G. Blanchot^o, T. Blazek"*^, I. Bloch42, C. Blocker^s, J. Blocki^^, A. Blondel'^ W. Blum^i, 

U. Blumenschein-"^', G.J. Bobbink^os^ V.B. Bobrovnikovi°^ S.S. Bocchetta^^ A. Bocci'^, C.R. Boddy"^ 

M. Boehler's, j. Boek^^s^ N. Boelaert^^, J.A. Bogaerts^o, A. Bogdancliikovi°^ A. Bogouch9°'*, C. Bohm"6a 

J. Bohmi25, V. Boisvert^^, T. Bold^^, V. Boldea^^*, N.M. Bolnet^^e^ Bomben'^e, M. Bona^^^ M. Boonekampi^e, 

S. Bordoni''s, C. Borer^"^, A. Borisov-^28^ q Borissov''^, I. Borjanovic^^a^ Borri*^2^ S_ Borroni*'^, 

V. Bortolottoi34a,i34b^ Bos^o^, D. Boscherini20a, M. Bosmani2, H. Boterenbrood^°5, J. Bouchami^^, 

J. Boudreau^^^, E.V. Bouhova-Thacker'^^ D. Boumediene^*, C. Bourdarios^^^, N. Bousson*^, A. Boveia^\ 

J. Boyd^o, I.R. Boyko^', I. Bozovic-Jelisavcici^b^ j Braciniki^, P. Branchini"'^^ q -yV. Brandenburg", A. Brandt^, 

G. Brandt"^, O. Brandt^', U. Bratzleri^e, B. Brau^', J.E. Brau^", H.M. Braun^^^,*^ g p Brazzalei'^'^'i'"^ 

B. Brelieriss, J. Bremer^o, K. Brendlingeri^o, R. Brenneri^e, s. Bressler^^^ D. Britton^^^ F.M. Brochu^s, I. Brock^i, 
R. Brock*^^, F. Broggi^^^, C. Bromberg^e, J. Bronncr^^ G. Brooijmans^^, T. Brooks'^^ W.K. Brooks32b^ 

G. Brown^^, H. Brown^, P.A. Bruckman de Renstrom^^, D. Bruncko"''', R. Bruneliere'^, S. Brunet^°, A. Bruni^o^, 

G. Bruni^o*, M. Bruschi^o^, T. Buanes", Q. Buat^^, F. Bucci'^, J. Buchananll^ P. Buchholzi'i, 

R.M. Buckingham"^ A.G. Buckley'^, S.I. Buda^^^ LA. Budagov^', B. Budick^os^ V. BiischerSi, L. Bugge"^ 

O. Bulekov'5^ A.C. Bundock^^, M. Bunse'^, T. Buran"^ H. Burckhart^o, S. Burdin^^^ T. Burgess", S. Burke^^a, 

E. Busato^', P. Bussey", CP. Buszellol6^ B. Butler^^s, j.M. Butler22, CM. Buttar^^^ J.M. Butterworth7^ 

W. Buttinger^s, S. Cabrera Urban^e^, d. Caforio20*'20b^ q. Cakir'^, P. Calafiura^s^ G. Calderini^^^ P. Calfayan9^ 



7 



R. Calkinslo^ L.P. Caloba^^^, R. Caloii32a,i32b^ ^ Calvet^^, S. Calvet^^, R. Camacho Toro^^, R Camarrii33a,i33b^ 

D. Cameron^^'^, L.M. Caminada^''', R. Caminal Armadans-^^, S. Campana^", M. CampancUi'^''', V. Canalc^^^*'-^^^'', 

F. Canelli3i>s, A. Canepai59% J. Cantero^o, R. CantrilF^ L. Capassoi02a,i02b^ M.D.M. Capeans Garrido^o, 
I. Caprini26a, M. Caprini^e^, D. Capriotti9^ M. Capua^^'^'S^b^ r. Caputo«\ R. Cardarelli^^^a^ -p. Carli^o, 

G. Carlinoi"2a^ l CarminatiS^'^'SSb^ ^ Caron^^ S. Caronio^^ e. Carquin^^b^ Q.D. CarriUo Montoyal^^^ 

A.A. Carter^s^ J.R. Carter^s, J. Carvalhoi^^a,?^^ d. Casadei^os, M.P. Casado^^^ M. Cascellai22a,i22b^ q Caso^o^-sob,*^ 
A.M. Castaneda Hernandez^'^^^'*, E. Castaneda-Miranda^'^^, V. Castillo Gimenez^^'^, N.F. Castro^^^'', G. Cataldi'^^'', 
P. Catastini^^, A. Catinaccio^" , J.R. Catmore^o, A. Cattai^o, G. Cattanii33a,i33b^ g_ Caughron^s, V. Cavalieie^^^ , 
P. Cavalleri^^ D. Cavalli^^'^, M. Cavalli-Sforzai^, V. Cavasinnii22aa22b^ p_ Ceradinii34a,i34b^ ^ g Cerqueira^^b, 
A. Cerri^o, L. Cerrito^^ F. Cerutti^^ S.A. Cetini^b, A. Chafaqi^s^^ D. Chakrabortyio^ I. Chalupkovai^e, K. Chan^, 
P. Changif5'\ B. Chaplcau«'\ J.D. Chapman^s, J.W. Chapman^^, E. Charcyre™, D.G. Charltoni^, V. Chavda^^^ 
C.A. Chavez Barajas^o, S. Cheatham^^^ S. Cllekanov^ S.V. Chekulaeyi^S'^, G.A. Cllelkov^^ M.A. Chelstowskal°^ 
C. Chen63, H. Chen^s, S. Chen^^^, X. Cheni^^^ y. Chen^s, Y. Cheng^i, A. Cheplakov^^, 

R. Chcrkaoui El Mourslii35<=, V. Chernyatin^s, E. Cheu^, S.L. Cheungi^s, L. Chevalieri^e^ Q. Cliicfarii02a,i02b^ 

L. ChikovaniSi'^.*, J.T. Childers^o, A. Cliilingarov^\ G. Chiodini^^a^ ^.S. Chisholmis, R.T. Chislett^^ A. Chitan^ea, 

M.V. Chizhov<54, G. Choudalakis^i , S. Chouridou^^T^ j a. Christidi^^, A. Christov^^, D. Chromek-Burckhart^o, 

M.L. Chu^-'\ J. Chudobai25, G. Ciapetti"2a,i32b^ ^.K. Ciftci^^, R. Ciftci^'^, D. Cinca^*, V. Cindro^^, 

C. Ciocca20^'20b^ ^ Ciociol^ M. CirilliS^, R Cirkovici^b, z.H. Citroni''2, M. Citterio^^'^, M. Ciubancan26a, 

A. Clark^^, P.J. Clark^*^, R.N. Clarkel^ W. Clelandi23^ j ^ Clemens^^ B. Clementss, C. Clement "s^'^^^, 

Y. Coadou8^ M. Cobali64'^'i64c^ ^ Coccaroi^s, J. Cochran^s, L. Coffcy23, J.G. Cogani43, j. Coggeshalll6^ 

E. Cognerasi^s^ J. Colas^, S. Colel°^ A.P. Colijnios, N.J. Collinses, C. Collins-Toothsa, J. CoUot^^^ 

T. Colombo"^*'!!''^, G. Colon^^, G. Compostella''^, P. Conde Muinoi24a^ g CoIliavitisl6^ M.C. Conidi^^^ 

S.M. Consonni^9^'«9*^, V. Consorti^s, S. Constantinescu26a, C. Conta"''^'"''^, G. Conti", F. Conventii°2a 

M. Cookers, B.D. Cooper", A.M. Cooper-Sarkar^s, K. Copiers, T. Comelisseni^^^ M. Corradi20a, F. Corriveau^s.fc, 

A. Cortes-Gonzalezi65, G. Cortiana^^ G. Costa^^a^ ^ j Costa^^^, D. Costanzo^^s, D. Cote^o, L. Courneyeai<59^ 

G. Cowan^e^ C. Cowden28, B.E. Cox82, Cranmcrios, F. Cresciolii22a,i22b^ Cristinziani2i, G. Crosctti^^^^'^Tb^ 

S. Crepe-Renaudin^s, C.-M. Cuciuc26a, C. Cuenca Almenar^'^^, T. Cuhadar Donszclmanni^s, M. Curatolo'''^, 

C.J. Curtis^^ C. Cuthbert^^o, P. Cwetanski^o, H. Czirr^^S P. Czodrowski^"^, Z. Czyczulal''^ S. D'Auria5^ 

M. D'0nofrio^3^ D>Qj.g^2ioi'^2a,i32b^ y^ j Cunha Sargcdas Dc Sousai24a^ c. Da Via^2^ ^ Dabrowski^s, 

A. Dafinca"^ T. Dai^^, C. Dallapiccola^*, M. Dam^e, M. Dameriso^^.^ob^ ^ g Damianii37, h.O. Danielsson^o, 

V. Dao^9, G. Darbo^o^, G.L. Darlea^^b, J.A. Dassoulas^^^ W. Davey^i, T. Davideki26, N. Davidson8^ 

R. Davidson'^\ E. Davics"^'^ M. Davics^^ O. Davignon'^^ A.R. Davison'^^ Y. Davygora^*'^, E. Dawe"2^ 

I. Dawson"9, R.K. Daya-Ishmukhametova23 , K. De^ R. de Asmundisi°2a^ g. De Castro20'^'20b^ g_ j^g Cecco^^^ 

J. de Graat9^ N. De Groot^o^, P. de Jonglo^ C. De La Taille"^, H. De la Torre^^, F. De LorenziS^, L. de Mora^S 

L. De Nooijl°^ D. De Pedisi32a^ a. Dc Salvoi-''2^ U. Dc Sanctisifi4a,i64c^ ^ jy^ Santo"^ J.B. Dc Vivic De Regiell^ 

G. De Zorzii32a,i32b^ ^ j Dearnaley^\ R. Debbe25, C. Debenedetti'^'^, B. Dechenaux^s, D.V. Dedovicli64, 

J. Degenhardt^^o^ q pj^pj^i64a,i64c^ j Peso^o, T. Del Pretei22a,i22b^ -p Delemontex^s^ M. Deliyergiyev^*, 

A. Dell'Acqua^o, L. DeirAsta22, M. Delia Pietrai°2a,j^ p ^^^^^ YQlp^i02a,i02b^ Delmastro^ P.A. Delsart5^ 
C. Delucal°^ S. Demers^'^^, M. Demichev*^^, B. Demirkozi2.', J. Dengi'^^^ g p Denisovi28^ p Derendarz^^, 
J.E. Derkaoui^^S'^, F. Derue'^^, P. Dervan'^'', K. Desch2i, E. Devetak^^*, P.O. Deviveiros^^^, A. Dewhurst^^^, 

B. DeWildc"8, S. Dllaliwall5^ R. Dhullipudi25''", A. Di Ciaccioi33a,i33b^ ^ CiaccioS, A. Di Girolamo^o, 
B. Di Girolamo^o, S. Di Luisei34a,i34b^ Mattia^^^^ B. Di Micco^o, R. Di Nardo^^ A. Di Simonei33a,i33b^ 
R. Di Sipio^O'^'^o'', M.A. Diaz32a, E.B. Diehl^^, J. Dietrich^2^ -j, ^ Dietzsch^^^, S. Diglio^^, K. Dindar Yagci^°, 
J. Dingfcldcr2i, F. Dinut^*^'*, C. Dionisii32a,i32b^ p -Q[ig26i.^ g Dita26a^ p. Dittus-''°, F. Djama^^^ T. Djobava^^'^, 
M.A.B. do Vale24<=, A. Do Valle Weinansi24a,", T.K.O. Doan^, M. Dobbs^^^ R. Dobinson^o.*, D. Dobos^o, 

E. Dobson30'°, J. Dodd^s, C. Doglioni*^ T. Doherty^^ Y. Doi^^'*, J. Dolejsi^^e^ j Oolenc^^, Z. Dolezal^^e^ 

B. A. Dolgoshein'^'^'*, T. Doh^lael5^ M. Donadelli24d, J. Donini34, J. Dopkc^o, A. Doriai02a^ a. Dos Anjos^''^, 
A. Dottii22a,i22b^ ]y[.T. Dova^°, A.D. Doxiadisl°^ A.T. Doyle^^^ N. Dressnandti20, M. Dris^o, J. Dubbert^^^ 
S. Dubel^ E. Duchovnii^2^ q Duckeck^^, D. Duda^^^^ A. Dudarev^o, F. Dudziak^^, M. Diihrssen^o, 

LP. Ducrdoth82^ L Dufiot"^ M-A. Dufour^s, L. Duguid^^ M. Dunford^s^ H. Duran Yildiz'*^ R. Duxficld"^ 
M. Dwuznik^s, F. Dydak^o, M. Diiren52, W.L. Ebenstein^^, J. Ebke^^, S. Eckweiler^i, K. Edinonds^\ W. Edson2, 

C. A. Edwards^^ N.C. Edwards^^, W. Ehrenfeld*2^ -j, Eifert^^^^ q Eigen^^, K. Einsweilerl^ E. Eisenllandler7^ 
T. Ekclofiss^ ]y[_ PI Kaciniii35c^ M. Ellerti^e^ S. Elles^ F. Ellinghaus^i, K. Ellis^^ N. EUis^o, J. Elmsheuser^^, 
M. Elsing30, D. Emeliyanovi29^ r_ Engelmanni'^s^ A. EngP, B. Epp^^^, J. Erdmanii54, A. Ereditato", 

D. Eriksson"^'^, J. Ernst^, M. Ernst^s, J. Ernweini^e, D. Errede^*'^, S. Errede^^^, E. Ertel*\ M. Escalieri^s, 

H. Esch^3^ C. Escobari23, x. Espinal Curull^^^ B. Esposito^^, F. Etienne^^^ A.L Etienvre^^e, E. Etzion^s^, 
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D. Evangelakou^^, H. Evans^°, L. Fabbri^O'^'^ob^ c. Fabre^o, R.M. Fakhrutdinov^^s^ g Falciano^^a^ Y. Fang^^^ 
M. Fanti^^^'^^'', A. Farbin^, A. Farillai34a^ j. Farley"8, T. Farooquei^s, S. Farrellies, S.M. Farringtoni™, 
P. Farthouat^o, F. Fassi^'^'', P. Fassnacht^o, D. Fassouliotis^ B. Fatholahzadeh^^s^ Favareto^^'^'S^^, L. Fayard"^, 
S. Fazio^^'^'^^b^ R. Febbraro^^, P. Federic^*^*, O.L. Fedini^i, W. Fedorko^*, M. Fehling-Kaschek^^^ L. Feligioni^^^ 
D. FellmannS, C. Feng^^^^ E.J. Fcng^ A.B. Fenyuk^^s, J. Ferencei^'^'"', W. Femando*^, S. Ferrag^^^ j Perrando^^^ 
V. Ferrara''^, A. Ferrari^^'s^ p. Ferraril°^ R. Ferrari"^'^, D.E. Ferreira de Lima^^, A. Ferrer^s'^, D. Ferrere^^, 

C. Ferretti^'^, A. Ferretto Parodi^°^'^°'', M. Fiascaris^S F. Fiedler^S A. Filipcic^'', F. Filthaut^°^, 

M. Fincke-Keeleri69, M.C.N. Fiolhaisi24a,'»^ l. Fiorimi^^, A. Firan^o, G. Fischcr^^ M.J. Fisherio^, M. Flechl^s, 
I. Fleck^^i^ J Fleckner^i, P. Fleischmanni''^, S. Fleischmanni^^^ T. Flicki^^^ A. Floderus^^^ L.R. Flores Castillol^^ 
M.J. Flowerdew^^, T. Fonseca Martin^'^, A. Formica^^^, A. Forti*^, D. Fortin^^^'', D. Fournier^^^, A.J. Fowler*^, 

H. Fox^i, P. Francavillai2, M. Franchini^o^^^ob^ g_ Franchinoi^^aaigb^ j3_ Francisco, T. Frank"^^ Franklin", 
S. Franz^o, M. Fraternali^^'^'i^^'^, S. Fratina^^o^ g -j-^ Frenches, C. Friedrich^^, F. Friedrich^^, R. Froeschpo, 

D. Froidevaux^o, J.A. Frost^^, C. Fukunaga^^^, E. Fullana Torregrosa^^, E.G. Fulsomi^s, j. Fuster^^^, 

C. Gabaldon^o, 0. Gabizon^^^ T. Gadfort^^, S. Gadomski^^, G. Gagliardi^^^-'^ob^ p_ Gagnon^", C. Galea9^ 
B. Galhardoi24a^ g j Qallasi^^^ V. Gallo^^ B.J. Gallopi^s, P. Gallus^^s, K.K. Gan^o^, Y.S. Gao^^^.e^ 

A. Gaponenko^^, F. Garberson^'^^, M. Garcia-Sciveres^^, C. GarciV^'^, J.E. Garcia Navarro^^'^, R.W. Gardner^^ 
N. Garelli^", H. Garitaonandialo^ V. Garonne^", C. Gatti^^, G. Gaudio"^'^, B. Gaur^i, L. Gauthieri^e, 

P. Gauzzii32a,i32b^ j L Gavrilenko^^, C. Gay^^s, G. Gaycken^i, E.N. Gazis^o, P. Ge^^^, z. Gecse^^s, C.N.P. Gee^^g^ 

D. A.A. Geertslo^ Ch. Geich-Gimbepi , K. Gellerstedt^^^^'^^^^, C. Gemme^°*, A. GemmelF, M.H. Genest5^ 
S. Gentilei32a,i32b^ jyj George'^", S. Georgc^^ P. Gerlachi^^^ A. Gershoni^s, c. Geweniger^S'^, H. Ghazlane^^sb^ 
N. Ghodbane^^, B. Giacobbe^O'^, S. Giagui32a,i32b^ y Giakoumopoulou^, V. Giangiobbe^^, F. Gianotti^o, 

B. Gibbard^s, A. Gibson^ss, S.M. Gibson^o, D. Gillberg^^, A.R. Gillmani^s, D.M. Gingrich^-'^, J. Ginzburgi^'\ 

N. Giokaris", M.P. Giordanii64c^ r. QjQj.(jj^jjoi02a,i02b^ ^.M. Giorgii^, R Giovannini^^ , P.F. Giraudi-^^ D. Giugni^^'*, 
M. Giunta^^^ P. Giusti20^ B.K. Gjelsten"^ L.K. Gladilin^^ C. Glasman^o, J. Glatzer^i, A. Glazov42, 
K.W. Glitzal^^ G.L. Glonti^^, J.R. Goddard^^ J. Godfrcy"2, j. Godlewski^o, M. Goebel*^, T. Gopfert^^, 

C. Goeringcr^i, C. G5ssling4^ S. Goldfarb^^ T. GoUingi™. A. Gomcsi24a,6, l.S. Gomez Fajardo^^ R. Gongalo^^ 
J. Goncalves Pinto Firmino Da Costa42, L. Gonella^^, S. Gonzalez de la Hoz^^^, G. Gonzalez Parra^^, 

M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla^^, J.J. Goodson"^ L. Goossens^", P.A. Gorbounov9^ H.A. Gordon^^, 

I. Gorclovi"-\ G. Gorfinc"'\ B. Gorini-''", E. Gorini^2a,72b^ ^ Gorigck^4^ E Gornicki^^ B. Gosdzik42, A.T. Gosllaw^ 
M. Gosselinkios, M.I. Gostkin'34, j_ Qough Eschrich^^s^ Gouighri^^Sa^ j3_ Goujdamii^^c, M.P. Goulette49, 

A.G. Goussiou^^s^ q Q^yS^ g Gozpinar^^, I. Grabowska-Bold^^, P. Grafstrom^o^'^ob, K-J. Grahn42, E. Gramstad"^, 

F. Grancagnolo^2a^ g Grancagnoloi^, V. Grassii48, V. Gratchcv^^i^ Grau'^'^ H.M. Gray^o, J.A. Grayi48, 

E. Grazianii34a, q.G. Grebenyuk^^i, T. Greenshaw^^^ Z.D. Greenwood^^-", K. Gregersen^e, I.M. Gregor42, 
P. Grenier"3, J. Griffitlls^ N. Grigalashvili*5*, A.A. Grillo^^?^ g Grinsteini^, Rh. Gris^^, Y.V. Grishkevich^^, 
J.-F. Grivaz^i^ E. Gross^^^ J. Grosso-Knetter54, J. Grotli-Jcnscni^^ K. Grybcli4i, D. Gucsti^^^ C. Guiclicney^^, 
S. Guindon54, U. Gul^^, J. Gunther^^s, R. Guo^^s^ j_ q^^ss^ p_ Gutierrez"!, N. Guttmani^a, Q. Gutzwiller"^^ 

C. Guyotl3^ C. Gwenlan^is, C.B. Gwilliam^^^ A. Haas"^, S. Haas^o, C. Haber^s, H.K. Hadavand^o, D.R. Hadleyl^ 
P. Hacfncr^i, F. Hahn^", S. Haider^o, Z. Hajduk^^, H. Hakobyan^^^ D. Rall^^^, K. Hamacheri^s^ P. Hamal^i^^ 
M. Hamer54, A. Hamilton^^b.P^ g_ Hamilton^si^ l_ Han^^b, K. Hanagaki"^, k. Hanawa^^^, M. Hance^^, 

C. Handel^\ P. Hanke^^'', J.R. Hansen^e, J.B. Hansen^e, J.D. Hansen^^, RH. Hansen^^, R Hansson"^ K. Hara^^o, 

G. A. Harei37^ rp Rarcnbcrg^^^ S. Harkusha^", D. Harpers'^, R.D. Harrington46, Q.M. Harris^^s^ j Rarterf^^, 

F. Hartjesi°5, T. Haruyama^s, A. Harvey5^ S. Hasegawa^oi, Y. Hasegawa^o, S. Hassanii^e, S. Haug^^ 

M. Hauschild^o, R. Hauser^^, M. Havranek^i, CM. Hawkesl^ R.J. Hawkings^o, A.D. Hawkins^^^ T. Hayakawa6^ 

T. Hayashii*50^ Haydcn^^ CP. Hays"^ H.S. Hayward^^^ S.J. Haywoodi^s, S.J. Headl^ V. Hedbcrg^^ 

L. HeelanS, S. Heim^s, B. Heinemanni^, S. Heisterkamp^e , L. Helary22, C. Heller^s, M. Heller^o, S. Hellman^ea.web^ 

D. Hellmich^i, C. Helsens^^^ R.C.W. Henderson^\ M. Henke^s*^, A. Henrichs^^^ ^.M. Henriques Correia^o, 
S. Hcnrot-Versillc^^''', C. Hcnscl'''4, T. Hcnfi^^'"', CM. Hernandez®, Y. Hernandez Jimcncz-'^^^, R. Hcrrbcrg-'^^ , 

G. Herten48, R. Hertenberger^® , L. Hervas^o, G.G. Hesketh^^ N.P. Hesseyl°^ E. Hig6n-Rodriguezi67, j.C. HilF, 
K.H. Hiller42, S. Hillert^i, S.J. Hillierl^ I. Hinchliffel^ E. Hines^^o^ ^ Hirose"^ F. Hirsch^^, D. Hirschbuehli^s^ 
J. Hobbsi48, N. Hodi53, M.C Hodgkinsoni-'^^ P. Hodgsoni^s, A. Hocckcr^", M.R. Hoefcrkampio^ J. Hoffman40, 
D. Hoffmann83, M. Hohlfeld^S M. Holder"\ S.O. Holmgren^Sa^ r. Holy^^^, j.L. Holzbauer^s, T.M. Hong^^o, 

L. Hooft van Huysduynen^os, S. Horner^s, J-Y. Hostachy^s, S. Hou^^S A. Hoummadai^Sa, j. Howard^i®, 

J. Howarth82, I. Hristoval^ J. Hrivnac"^ T. Hryn'ova^, P.J. Hsu8\ S.-C Hsu^s, D. Hu^^ Z. Hubaceki^^, 

F. Hubaut^s, F. Huegging^i, A. Huettmann42, T.B. Huffman"^, E.W. Hughes^s, G. Hughes^i, M. Huhtinen^o, 
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S. Kazama^ss^ V.A. Kazanini'"', M.Y. Kazarinov^^, R. Keeler^ss, rt. Keener^^o, R. Kehoe^°, M. Keil^*, 
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P. Kriegeriss, K. KroeningerS^, H. Kroha9^ J. Kroll^^^ J. Kroseberg^i, J. Krstic^^^, U. Kruchonak^^, H. Kriiger^i, 
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A. La Rosa49, L. La Rotonda^^a.sTb^ l Labarga^", J. Labbe^, S. Lablak^Sa^ c. Lacasta^^^ F. Lacavai32a,i32b^ 

J. Lacey29, H. Lacker^^ D. Lacour^^, V.R. Lacuesta^^^, E. Ladygin^", R. Lafaye^, B. Laforge^^, T. Lagouri^^s^ 

S. Lai^^, E. Laisne^^, M. Lamanna^^, L. Lambourne^'', C.L. Lampen^, W. LampF, E. Lancon^^^, U. Landgraf*^, 

M.P.J. Landon^^ V.S. Lang^^^ C. Lange'*^, A.J. Lankfordi^s, p. Lanni^s, K. Lantzschl7^ S. Laplace^^ 

C. Lapoire^i, J.F. Laporte^^e, T. Lari^s^, A. Larner"^^ m. Lassnig^o, P. Laurelli"*^, V. Lavorini^^^'^^'^, 

W. Lavrijsenl^ P. Laycock'^^, O. Le Dortz'^^, E. Le Guirriec^^^ Le Menedeul^ T. LeCompte^, 

F. Lcdroit-Guillon5^ H. Lccl"^ J.S.H. Lcc^i^ S.C. Lee^^\ L. Lcc^^^ M. Lcfcbvrel^^ M. Legendre"^ F. Legger9^ 

C. Leggett^^, M. Lehmacher^^, G. Lehmann Miotto3°, M.A.L. Leite^^^, R. Leitner^^e, D. Lellouch^'^^^ ^ Lemmer^'^, 

V. LendermannSS'', K.J.C. Leney^^^b^ ^ i^q^^W5^ q Lenzenl^^ B. Lenzi^o, K. Leonhardt*^, S. Leontsinis^o, 

F. Lcpold^s^, C. Lcroy93, J-R. Lcssardi^^, C.G. Lcstcr^^, CM. Lesteri^o, J. Leveque^, D. Levm^'^ , L.J. Levinsoni^^^ 

A. Lewis"^ G.H. Lewisl°^ A.M. Leyko^i, M. Leytoni^, B. Li^a, H. Li"^^ H.L. Li^i, S. Li^^b.*, X. LF, 

Z. LiangiiS'", H. Liao^^, B. Liberti^^Sa^ p Lichard^^, M. Lichtnecker9^ K. Lie^^^s^ Liebig", C. Limbach^i, 

A. Limosani^e, M. Limper^^, S.C. Lini^i.", p. Lindci"^ J.T. Linncmann^s, E. Lipeles^^o^ ^ Lipniackai", 

T.M. Lissl6^ D. Lissauer^s, A. Listeria, A.M. Litke"^, c. Liu^^, D. Uu^^\ H. Liu^^, J.B. Liu«^ L. Liu^^ 

M. Liu^^b^ Y. Liu^sb, M. Livanii^^-i^^^, S.S.A. Livermore"^, A. Lleres5^ J. Llorente Merino^o, S.L. Lloyd^^ 

E. Lobodzinska''^, p. Loch'^, W.S. Lockman^^?^ Loddcnkocttcr^i, F.K. Locbingcr^^^ a. Loginov^^^, C.W. Loh^^^, 
T. Lohsel^ K. Lohwasser^s, M. Lokajiceki^^, V.P. LoInbardo^ R.E. Long^^, L. Lopes^^^a^ d. Lopez Mateos^"^, 

J. Lorenz9^ N. Lorenzo Martinez"^, M. Losada^^^^^ P. Loscutoff^^^ F. Lo Sterzoi32a,i32b^ j Losty^^ga,*^ x. Lou^S 
A. Lounisll^ K.F. Loureiro^^^^^ J. Love^ P.A. Love^S A.J. Lowe^^^.e^ p pu^^"*, H.J. Lubatti^^s^ q Lucii32a,i32b^ 
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B. MaceF^, J. Machado Miguens^^^'^, R. Mackcprang^e, R.J. Madaras^^, H.J. Maddocks'^S W.F. Mader**, 
R. Maenner^^^ T. Maeno^^, P. Mattigi^'\ S. Mattig^^, L. Magnonii^s^ E. Magradze^", K. Mahboubi^^, 

J. Mahlstedti°5, S. Mahmoud^^^ G. Mahouti^, C. Maianii^e, C. Maidantchik^^^, A. Maioi^^a.fe^ s. Majewski^s, 

Y. Makida^s^ N. Makovecll^ R Mal^^e^ g Malaescu^o, Pa. Malecki^^, P. Malecki^^, V.P. Maleev^^i^ p Malek^s, 

U. Mallik62, D. Malon^, C. Malone^^^^ S. Maltezos^o, V. Malyshev^o^ S. Malyukov^", R. Mamcghani^s, 

J. Mamuzici^b^ A. Manabe6^ L. Mandelli^'^^, I. Mandic^'', R. Mandrysch^'^, J. Maneirai24a^ Manfredini^^ , 

P.S. Mangcard^^, L. Manhaes de Andrade Filho^^'', J. A. Manjarres Ramos^^^, A. Mann^^, P.M. Manning^^"^, 

A. Manousakis-Katsikakis^, B. Mansouliei^*5, A. MapcUi^o, L. MapcUi^o, L. March^'^?^ j_p^ Marchand^^ , 

F. Marchesei33a,i33b^ q_ Marchiori^^^ M. Marcisovskyi^^, C.P. Marino^'^^ F. Marroquim^^a, z. Marshall^o, 

F. K. Martens^^*, L.F. Marti^^, S. Marti-Garcia^''?^ g Martin^o, B. Martin^^, J.P. Martin^^, T.A. Martinl^ 
V.J. Martin^'', B. Martin dit Latour''^, S. Martin-Haugh"^, M. Martinoz^^^ y. Martinez Outschoorn^^, 

A.C. Martyniuk^'59, M. Marx^^^ F. Marzanoi32a^ a. Marzin"\ L. Masetti^\ T. Mashimol5^ R. Mashinistov^"^, 
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A. Mastroberardino^'^'^'^'^b^ rj, Masubuchi^-'^^, P. Matricon"^, H. Matsunaga^^^, T. Matsushita^^, C. Mattravers^^^''', 
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D.A. Milstead"^'''"^^, D. Milstein^^^ A.A. Minaenko^2^ M. Minano Moyai^^, LA. Minashvili'^*, A.I. Mincerl°^ 
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A.K. Morley^o, G. Mornacchi^o, J.D. Morris^^ L. Morvaji°\ H.G. Moser^^, M. Mosidze^^'', J. Moss^^^, 

R. Mount"3, E. Mountrichai°'2', S.V. Mouravicv^-*,*^ E.J.W. Moysc^^, F. MucUcr-'^^^, J. Muellcri^s^ K. MucUcr^i, 
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